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[57] ABSTRACT

Registered output circuitry for a memory device in-
cludes a first latch which stores data from a sense ampli-
fier on the rising edge, and outputs it on the falling edge,
of the falling edge of an OE signal. This data stored in
the latch is provided as output of only y, during the
preceding rising edge of the OE signal the CE signal to
the memory device was a logical 0 level, and the WE
signal was a logical 1 level. Since the falling edge of the
OE signal is the beginning of the memory cycle, the
data at the output pin of the memory is the data read 1n
the previous read cycle. This latency, however, enables
a shortened average cycle time, and also provides regis-
tered outputs without the necessity of an external clock
signal applied to the memory device.

il

11 Claims, 2 Drawing Sheets
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REGISTERED OUTPUTS FOR A MEMORY
DEVICE

TECHNICAL FIELD

This invention relates {0 memory devices, and more
particularly, to registered output circuits for memory
devices.

BACKGROUND OF THE INVENTION
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Registered outputs for memory devices as provided

in the past utilize a data storage device between the
output of the memory sense amplifier and the output
driver stage of the memory. This storage device, com-
monly a latch circuit, requires a clock signal supplied to
the memory device to load data from the sense amplifier
into the latch.

However, certain standards have developed in the
industry with respect to the number of pins in an inte-
grated circuit package and the functions of each of these
pins, and the requirement of an external clock signal
necessitates a nonstandard package for the memory
device. Moreover, additional pins require a larger pack-
age and more room on a printed circuit board for rout-
ing additional signals to the integrated circuit package.

Also relevant to the present invention is the access
time of conventional memory devices. The access time
specified by manufacturers is the time in which the
output data at the output pin of the integrated circuit is
transitioning to a logical O level or a logical 1 level.
Therefore, the data is available to the user actually at'a
later time, the time required for the output signals from
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the memory to be stable long enough to enable the

circuitry inside the device being driven by the memory
to stabilize and reliably detect the output signal from
the memory device. Moreover, the output of the sense
amplifier inside the memory device is generally several
nanoseconds faster than the time the output data is

available at the output pin of the memory device due to

the delay through the output driver circuit of the mem-
ory device and the capacitance associated with the
output pin and circuitry being driven by the memory
device. Stated another way, the data at the output of the
sense amplifier of the memory device is available sev-
eral nanosecords before the data can be reliably trans-
ferred from the output pin of the memory device to the
circuit receiving the data.

Therefore, it can be appreciated that registered out-
put circuitry for a memory device which is able to store
the output data from the memory device without neces-
sitating an external clock signal and which is also able to
decrease the average access time of the memory device
by effectively eliminating the delays occurring after the

data is present at the output of the sense amplifier is
highly desirable.

'SUMMARY OF THE INVENTION

It 1s, therefore, an object of this invention to provide
register output circuitry for a memory device which
permits the storage of output data of the memory device
~without requiring an external clock signal.

It is also an object of this invention to provide regis-
tered output circuitry for a memory device which ena-
bles the memory device to be operated in a manner to
decrease the average access time of the memory device.

Shown in an 1llustrated embodiment of the invention
is registered output circuitry for a memory device
which includes a storage device for storing the output
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signal of a sense amplifier in the memory device upon
the first transition of an output enable signal received at
an input pin of the memory device and also includes
circuitry for enabling an output driver circuit of the
memory device upon a second transition of the output
enable signal.

In a further aspect of the invention, the registered
output circuitry also includes sensing circuitry for de-
tecting if.a chip enable signal applied to another input
pin of the memory device is at a first logic state and
enabling the output driver circuit only if the chip enable
signal is at this first logic state.

Also shown in an illustrated embodiment of the in-
vention is a method for providing data at an output
terminal of a memory device by storing the output of a
sense amplifier in a storage register upon a first transi-
tion of an output enable signal and by enabling an out-
put driver circuit to provide the data stored in the stor-
age register at an output pin of the memory device upon
a second transition of the output enable signal. |

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features, characteris--
tics, advantages, and the invention in general, will be
better understood from the following, more detailed
description‘ taken in conjunction with the accompany-
ing drawmgs in which:

FI1G. 1 1s a logic diagram of the reglstered output
circuitry accordmg to the present invention;

FIG. 2 1s a block diagram of three memory devices
which include registered output circuitry according to
the present invention;

FIG. 315 a tumng diagram showing read cycles for
the three memory in FIG. 2; and

FI1G. 4 is a timing diagram showing read and wnte
cycles for two of the memory devices shown in FIG. 2.

It will be appreciated that for purposes of clarity and
where deemed appropriate, reference numerals have
been repeated in the figures to indicate corresponding
features.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention provides registered outputs for
a memory device without the necessity of an external
clock signal. The registered output circuitry effectively
eliminates the delay in the access time due to the switch-
ing delay through the output buffer circuit, and also
effectively eliminates the delay in the cycle time caused

by the delay required to hold the output data for a

period sufficient to be clocked into circuitry driven by
the output pin of the memory device.

The registered output circuitry of the preferred em-
bodiment of the present invention utilizes a first D latch
in which the data input is received from the output of
the sense amplifier of the memory device, and the Q
output of the D latch drives the input of a tristate output
driver circuit, the output of which 1s connected to an
output pin of the integrated circuit. The first D latch is
clocked by the inverse of an externally applied output
enable signal (OE). A second D latch is clocked by the
OE signal and has its D input connected to the inverse
of the externally applied chip enable signal (CE). The
inverse of the OE signal is also connected to a rising
edge delay circuit and the output of the rising edge
delay circuit is ANDed with the Q output of the second
D latch and the external write enable signal (WE). The
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output of this AND gate provides the tristate or enable
signal to the output driver circuit. L
For a read operation the falling edge of the OE signal

begins the read cycle, and this falling edge (after being
inverted) clocks the first D latch to capiure and hold

the output of the sense amplifier at that time. The data
from the sense amplifier is then provided at the Q out-
put of the first D latch which in turn is provided to the
input of the output driver circuit. The rising edge delay
circuit provides a delay sufficient to compensate for the
delay through the first D latch, and afier this short time
period, the three inputs to the AND gate are all at a
logic 1 level if the Q output of the second D latch 1s a
logic 1 level. The Q output of the second D latch will be
a logic 1 level if the CE signal is a logic O level during
the previous cycle since the rising edge of the OE signal
clocks the second D latch.

When all three of the inputs to the AND gate are at
a logic 1 level, the output driver circuit is switched from
a high impedance state to either a logic 1 level or a logic
0 level which is applied to the output pin. When the OE
signal rises at the end of the memory cycle, this inverted
signal passes through the rising edge delay circuit to
cause the output of the AND gate to become a logic 0
level which forces the output driver circuit to the high
impedance state at its output.

Since the data out of the sense amp is strobed into the
first D latch at the start of the memory cycle, the data
present at the output pin of the memory device during
this memory cycle is the data which was read during
the previous memory cycle. In other words, there is a
one cycle latency between the time a memory cell is
addressed and the time the data 1s actually available at
the output pin of the memory device. However, this
latency occurs only on read operations. A write opera-
tion is not affected by this registered output circuitry,
and there is no latency between the cycle in which the
data and address is selected and the cycle in which the
writing actually occurs into the memory address.

Since the data from the previous memory cycle is
captured and held in the first D latch, the time required
for the data to progress through the first D latch and the
output driver circuit can also be used by the memory
device to start the next succeeding cycle of the mem-
ory. Thus, the read cycle time can be effectively short-
ened to the time required to provide data at the output
of the sense amplifier; that 1s, the read cycle time does
not require time for the data to progress to the output
pin and for the data to be held long enough to be cap-
tured by circuitry being driven by the output pin of the
memory device.

Advantageously, the registered output circuitry of
the present invention allows a plurality of memory
devices to be cascaded in which they share common OE
and WE signals and have their output pins hardwired
together. They may or may not share common address
input hines. However, each of the cascaded memory
devices has a separate CE input signal which is used to
select which memory device is to be read or written
into for each cycle of operation. Moreover, since the
output driver stages provide a high impedance output
whenever the OE signal is at a logic 1 level, there is
always a high impedance state on all of the output pins
of the cascaded memory devices between each cycle of
operation of the memories. The external signals used by
the registered output circuitry 10 (the OE, CE, and WE
signals) are industry standard input signals to SRAM
memory devices. |
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Turning now to the drawings, FIG. 1 is a schematic
diagram of a registered output circuitry 10 according to

the present invention. In the preferred embodiment
shown 1in FIG. 1, a sense amplifier 12 in a static RAM
memory device senses the data stored in the memory

cell and provides a signal, d, at its output which is con-
nected to the D input of a first D latch 14. The Q output
of the D latch 14 is connected to the input of a tristate
output driver circuit 16, the output of which forms a
signal, DO, which 1s applied to an output pin 18 of the
memory device. The clock input of the D latch 14 is
connected to the output of an inverter 20, the input of
which is connected to a line 22 which is driven by an
external output enable signal OE. The output of the
inverter 20 is also connected to the input of a rising edge
delay circuit 24, the output of which is connected to a
first input of an AND gate 26. The OE signal on line 22
1s also connected to the clock input of a second D latch
28. The D input of the D latch 28 is connected to the
output of another inverter 30, the input of which is
connected to a line 32 which is driven by an external
chip enable signal CE. The Q output of the D latch 28
1s connected to a second input of the AND gate 26. A
third input of the AND gate 26 is connected to a line 34
which is driven by an external write enable signal WE.
The output of the AND gate 26 forms a data out enable
signal, DOE, which is connected to the output driver
circuit 16. |

The registered output circuitry 10 of FIG. 1 can be
used with cascaded memory devices as shown in FIG.
2. As shown in FIG. 2, three memory devices, MEMA,
MEMB, and MEMC are cascaded in that they have a
common output enable signal OE, a common write
enable signal WE, and a common data out line. As
shown in FI1G. 2 each of the memory devices has sepa-
rate address buses, MEMA having address bus 36,
MEMB having address bus 38, and MEMC having
address bus 40. Also, each of the memory devices has a
separate chip enable signal,l MEMA having a CE 4 signal
on line 42, MEMB having a CEpsignal on line 44, and
MEMC having a CE¢ signal on line 46.

The operation of the registered output circuitry 10
will now be described with reference to FIG. 3 and
FIG. 4. In the preferred embodiment a memory cycle
begins on the falling edge of the OE signal. This falling
edge of the OFE signal causes a rising edge out of the
inverter 20 to clock the D latch 14. At this time the
output of the sense amp 12 is latched into the D latch 14
and transferred to the Q output of the D latch 14 and
thus to the input of the output driver circuit 16. Thus
rising edge at the output of the inverter 20 is delayed by
the rising edge delay circuit 24 by a time interval equal
to the time required for the data to be transferred fron
the input of the D latch 14 to the input of the output
driver circuit 16. This time delay is shown as element 48
in FIG. 3. This time delay is added to insure that the
data output enable signal at the output of the AND gate
26 will not go high before the proper data is at the input
of the output driver circuit 16.

If during the previous rising edge of the OE signal the
CE signal on line 32 was a logic O level indicating that
the particular memory device was to be selected, then a
logic 1 level at the output of the inverter 30 would be
stored in the D latch 28 and provided as a second input
to the AND gate 26. If during the memory cycle started
by the falling edge of the OE signal the WE signal is at
a logic 1 level, then after the output of the rising edge
delay circuit 24 becomes a logic 1 level, the output of
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the AND gate 26 will also become a logic 1 level which
will enable the output driver circuit 16 to provide the
data out on output terminal 18 of the memory device. If
the write enable signal WE on line 34 is a logic 0 level
or if the chip enable SIgnal CE on line 32 was at a logic
1 level on the previous rising edge of OE, then the
output of the NAND gate 26 will remain at a logic 0
level and the output terminal 18 will remain at a high
impedance state since the output driver circuit 16 wiil
not have been enabied.

The output of the AND gate 26 will also be a logic 0
level any time that the OE signal on line 22 is a logic 1
level. It will be understood that the rising edge delay
circuit 24 delays only the rising edge of the output of
the inverter 20, but provides essentially no delay to a
falling edge at the output of the inverter 20. Thus, when
several memory devices are cascaded and have their
output terminals 18 connected together, there will not
be contention among the output driver circuits 16 since
between each cycle, when the OE signal is at a logic 1
level, all of the output driver circuits 16 will be in their
high impedance state. |

As shown in FIG. 3 and FIG. 4, only one of the CE
signals to the three memory devices is low at one partic-
ular time, and thus only one of the memory devices 1s
either reading or writing data during each memory
cycle. In the preferred embodiment the WE, CE, and
address signals change logic states during the time that
the OE signal is at a logic 1 level.

The registered output circuit 10 of the present inven-
tion causes the data from the previous cycle to be avail-
able at the output terminal 18 when the next cycle is
being read from the memory matrix. For example, as
shown in FIG. 3, during the second read cycle the
output data of MEMB, shown as DOp, is providing the
data, shown as d1, from the previous read operation.

4,908,796
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The registered output circuitry of FIG. 2 allows a

memory cycle time during a read operation to be equal
to the time required to provide valid data at the output
of the sense amplifier 12 without the additional time
necessary 1o propagate the data from the output of the
sense amplifier 12 to the output terminal of the memory
18 and the time necessary to hold the data at the output
terminal 18 to allow external circuitry to detect this
logic level at the output terminal 18. For example, in a
static RAM with a read access time specification of 35
nanoseconds, the actual cycle time requires 40 nanosec-
onds between successive read commands to allow the
data to be properly read out of the memory. However,
the addition of the registered output circuitry of the
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present invention would allow the memory to be cycled

in approximately 30 nanoseconds with the additional
approximately 5 nanoseconds required to propagate
through the output driver circuit 16 occurring while the
next read cycle is beginning. Therefore, the width of the
negative OE pulse is equal to the time required for the
data to arrive at the output of the sense amplifier 12.
This rising edge of the OE signal 1s then used to clock
the inverse of the CE signal into the D latch 28 to deter-
mine if the same memory device will be outputting data
during the next memory cycle or if the memory device
output terminal 18 is to remain in a high impedance state
during the next memory cycle.

Thus as shown in FIG. 3, the memory device MEMA
is used to provide the data from the previous read cycle
or read cycle 0 during the first read cycie, and the mem-
ory device MEMB is used to provide the data from the
first and second memory cycles during the second and
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third memory cycles, and the MEMC memory device 1s

used to provide the data from the third and fourth mem-
ory cycles during the fourth and fifth memory cycles.
Thus, FIG. 3 shows that the three memory devices can
be cascaded without creating a contention on the output
data terminals 18 during successive read cycles. Al-
though not shown in FIG. 3, it will be understood that
the write enable signal, WE, is at a logic 1 level during
the read operations shown in F1G. 3.

The registered output circuitry 10 is not involved in a
write operation. Therefore as shown in FIG. 4, when a
memory using the registered output circuitry switches
from a read operation to a write operation, the data read
from the memory matrix during the last read operation
is not made available in the subsequent write operation,
but rather data is written into the memory in a normal
write operation. For example, during the second cycle
the MEMA memory device is reading the data recov-
ered from the memory matrix during the first cycle, but
between the second and third memory cycle the WE
signal changes from a logic 1 level to a logic O level.
Therefore the next operation is a write operation, and
the data recovered during the previous read cycle is not
available during this write operation. When the mem-
ory device switches from a write operation to a read
operation and this same memory device is being enabled
for both operations, then-the first data out of the first
read operation will be the same data which was written
into the memory during the preceding write operation. -
This is shown in cycles 5 and 6 in FIG. 4 for the MEMA
memory device. This occurs because the SRAM mem-
ory device used in the preferred embodiment provides
the same data at the output of the sense amplifier 12 as
is being written into the memory device.

In the preferred embodiment the memory device is a
static random access memory having a lithium battery
backup. This SRAM device allows the write operations
to be made in the same cycle time as the read operations
using the registered output circuitry 10. Also in the
preferred embodiment, the registered output circuitry
10 is a laser option selected after the integrated circuit
chip has been fabricated to provide the option of either
registered outputs or normal outputs as used in conven-
tional SRAMs. While the registered output circuitry in
the preferred embodiment is laser selectable, it would
be also possible to switch electronically between nor-
mal outputs and the registered outputs using either an
additional external pin or some other method such as in
response to a predetermined data pattern stored In a
specific location in the memory.

Although the invention has been described in part by
making detailed reference to a certain specific embodi-
ment, such detail is intended to be, and will be under-
stood to be, instructional rather than restrictive. It will
be appreciated by those skilled in the art that many
variations may be made in the structure and mode of
operation without departing from the spirit and scope of
the invention as disclosed in the teachings contained
herein.

What is claimed is:

1. A method for providing data at an output terminal
of a memory device comprising the steps of: |
(a) storing, in a storage device, the output signal of a
sense amplifier in said memory device upon a first
transition of an output enable signal apphed to said

memory device;

(b) receiving a ch1p enable signal provided externally

to said memory device upon a second transition,



7
opposite to said first transition of said output enable

signal, and placing a first logic level on an internal
node of said memory device if said chip enable
signal is within a predetermined voltage range; and

(c) enabling an output driver circuit, coupled to said >
storage device, to drive said output terminal of said
memory device in response to data stored in said
storage device if said internal node is at said first
logic level.

2. The method set forth in claim 1, wherein said step

of enabling an output driver circuit occurs at a predeter-

10

mined time delay after said first transition.

3. Apparatus for providing data at an output terminal

of a memory device comprising:

(a) means for storing data from a sense amplifier in
saild memory device upon a first transition of an
output enable signal externally applied to said
memory device;

(b) means for receiving a chip enable signal provided ;g
externally to said memory device, upon a second
transition, opposite to said first transition, of said
output enable signal, and placing a first logic level
on an internal node of said memory device if said
chip enable signal is within a predetermined volt- 25
age range; and

(c) means for enabling an output driver circuit, cou-
pled to said means for storing data, drive said out-
put terminal of said memory device in response to
data stored in said means for storing if said internal 30
node is at said first logic level.

4. An integrated circuit memory, comprising:

terminals and at least one data terminal address;

at least two but no more than three terminals for
incoming control signals, including an output en-
able signal terminal and a chip-enable signal con-
nection;

an array of memory cells;

address decoding logic, connected to decode incom-
ing address signals which may be received at said
address connections and to access a selected one of
sald memory cells accordingly;

at least one sense amplifier, connected to amplify
signals which may be read out from an accessed 45
one of said cells; and

an output driver circuit, operatively connected to
amplify the data output of said sense amplifier, and
to drive a data output, on at least one of said data
connections, accordingly;

wherein, during a read operation,
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when said output enable signal transitions from a
second state to a first state, said output driver cir-
cuit; |
ceases to drive said data output,
and also stores an instantaneous data state in accor-
dance with the instantaneous output of said sense
amplifier,

and also stores the instantaneous state of satd chip-
enable signal;

and, when said output enable signal transitions from
said first state to said second state, said output
driver circuif;
drives said data output in accordance with said

stored instantaneous data state, but only if said
stored instantaneous state of said chip-enable
signal corresponds to a predetermined state.

5. The memory set forth in claim 4, wherein said
memory has exactly three of said connections for in-
coming control signals.

6. The memory set forth in claim 4, wherein said
memory has exactly three of said connections for in-
coming control signals, consisting of said output enable
connection, a write-enable signal connection, and said
chip-enable signal connection.

7. The memory of claim 4, wherein said output driver
circuit includes a buffer stage which is connected to
respond to transitions of said output enable signal to said
second state with a first delay, and to respond to transi-
tions of said output enable signal to said first state with
a second delay which is different from said first delay.

8. The memory of claim 4, wherein said output driver
circuit includes a latch which is connected to receive an
input corresponding to said data output of said sense
amplifier.

9. The memory of claim 4, wherein said output driver
circuit includes: a first D latch, which i1s connected to
receive an input corresponding to said data output of
said sense amplifier and which 1s clocked by a signal
corresponding to said output enable signal; and a second
D latch, which is connected to receive an input corre-
sponding to said chip enable signal and which 1s clocked
by a signal corresponding to said output enable signal.

10. The memory set forth in claim 4, wherein said
output driver circuit drives said data output only after a
predetermined time delay has elapsed after said transi-
tion to said second state.

11. The memory set forth in claim 10, wherein said
output driver circuit ceases to drive said data output
before said predetermined time delay has elapsed after

sald transition to said first state.
X ¥ k%
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